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Why go after EDMs?   
 

Before  anything else, searching for EDMs = probing the Abyss 

 

You can try to pry out Natureôs secrets with a sledgehammer ($109 sledgehammer) 

 

 

 

 

 

 

 

And you can take more subtle ways 

 

 

 

 

 

 

ÅThese routs are complementary*  

Å A finite EDM will give a scale 

 
* And if the subtle ways succeed, perhaps theyôll get us an even bigger hammer 



Why go after EDMs?   
 

 

Previous man with an honest scale  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÅA finite EDM will give a scale 



Why go after EDMs? Before, during, and after LHC 

 
 

Å Electroweak scale: little hierarchy - CP problem 
 

EDMs and natural EWSB 

 

Were no evidence for the MSSM, or indeed weak-scale SUSY, found at the LHC, 

would EDM experiments still be well-motivated? 

 

 

Å Baryon asymmetry: CPV in early Universe  
 

BAU ï EDM story: something big out there, but no scale a-priorié 

Heart of Darkness 

 

Some models rely on weak scale. Should see them! 

 

Next generation EDM searches would be crucial for building a consistent story 

of electroweak baryogenesis 



 

Electroweak scale: little hierarchy - CP problem 

 

 

Å Game not over for naturalness! May well still 

   discover natural EWSB and then EDMs will 

   be a cornerstone 

 

Å May learn, instead, that the weak scale is  

   fine-tuned. If this happens, it wonôt  

   really be a surprise  

   é and EDMs would truly be at the forefront 

 

Č EDM experiments put pressure on natural SUSY long before LHC 

 

Č Itôs not future EDM experiments that will march on scorched ground in the 

aftermath of LHC; if anything, 

1. Itôs LHC thatôs eating the dust of current EDM constraints 

2. EDMs are exciting with or without weak scale SUSY 



The hint 

 

 

 

 

 

 

 

 

 

 

I enjoy thinking that itôs 

actually there 

 

If itôs there, now what? 

 

 

Is it alone or with friends? 



Game not over for naturalness 

 
Å 125 GeV Higgs feels more like SUSY than most known alternatives 

Å Natural SUSY Í minimal SUSY  Č extended Higgs sector! 

  (MSSM Higgs sector curious since the beginning) 

 

 

 

 

Top superpartners 

Can be light! 

 

 

 

 

 

Perfectly allowed  

experimentally 

 

 

 

 

LEP/Tevatron/LHC 



Game not over for naturalness 

 
Å Natural SUSY Í minimal SUSY  Č extended Higgs sector 

 

What does it mean for EDM searches? 

First, recall usual implications of EDMs for weak scale SUSY 

 

 

 

        

 

 

 

Conceivable with localized breaking of U(1)R                              , 

 

 

 

 

 



Game not over for naturalness 

 
Å Natural SUSY Í minimal SUSY  Č extended Higgs sector 

 

What does it mean for EDM searches? 

First, recall usual implications of EDMs for weak scale SUSY 

 

 

 

        

 

 

 

Conceivable with localized breaking of U(1)R                              , 

 

 

 

 

 

Extended Higgs sector:  

 

Opportunity for EDMs! 



Game not over for naturalness 

 
Å Extended Higgs sector, opportunity for EDMs  

 

 

A minimal example  

Breaks U(1)R-PQ softly in inert sector 

 

Supersymmetric version: M=700 GeV, ɚ=0.7 perturbative up to GUT  

mh=125 GeV with ɛ=200 GeV, stops @400 GeV 

 

 

 

 

 

 

 

 

 

Phase suppressed by ~ O(0.1) 

 

Around the corner for EDM searches 



Game not over for naturalness 

 
Å Extended Higgs sector, opportunity for EDMs  

 

Opportunity still there even if 1-2 genô  sfermions decouple 

 

 

 

 

 

 

 

 

4F operators from Higgs exchange, down by Higgs & NP scales 

 

 

 

 

 

 

 

For mA~300 GeV, already means phase ~ 10-2, but decouples like mA
-2 

Next generation EDM search sensitive to Higgs @TeV 



Game not over for naturalness 

 
Å Extended Higgs sector, opportunity for EDMs  

 

Another possibility: EDMs could be telling us to look down ï not up 

 

Extended Higgs sector solves ɛ, ɛ-Bɛ 

Evade EDMs by not breaking  U(1)R-PQ explicitly  

 

 

 

 

 

 

 

 

PNGB eats our phase    

 



Game not over for naturalness 

 
Å Extended Higgs sector, opportunity for EDMs  

 

Another possibility: EDMs could be telling us to look down ï not up 

 

Extended Higgs sector solves ɛ, ɛ-Bɛ 

Evade EDMs by not breaking  U(1)R-PQ explicitly  

 

 

 

 

 

 

 

 

PNGB eats our phase    

 

ÅExciting phenomenology 

ÅStay tuned to LHC for modified Higgs couplings 

 

Should not fool EDM searches for long: 

Next generation can find the two-loop residuals 



 

Were no evidence for the MSSM, or indeed weak-scale SUSY, found at 

the LHC, would EDM experiments still be well-motivated? 
 

 

 

 



 

Were no evidence for the MSSM, or indeed weak-scale SUSY, found at 

the LHC, would EDM experiments still be well-motivated? 
 

 

Å Perhaps the weak scale is fine-tuned 

Å Perhaps flavor, EDMs, meant all along that nothing is there @TeV 

 

 

 



 

Were no evidence for the MSSM, or indeed weak-scale SUSY, found at 

the LHC, would EDM experiments still be well-motivated? 
 

 

Å Perhaps the weak scale is fine-tuned 

Å Perhaps flavor, EDMs, meant all along that  (almost) nothing is there @TeV 

 

Split supersymmetry: scalars ~100 TeV; gauginos / higgsinos ~TeV  (dark matter) 

 

Postpone understanding of little weak scale tuning  

é get back to it as soon as we understand the cosmological constant 

 

 

SUSY flavor and CP problems solved 

 

 



 

Were no evidence for the MSSM, or indeed weak-scale SUSY, found at 

the LHC, would EDM experiments still be well-motivated? 
 

 

Å Perhaps the weak scale is fine-tuned 

Å Perhaps flavor, EDMs, meant all along that  (almost) nothing is there @TeV 

 

Split supersymmetry: scalars ~100 TeV; gauginos / higgsinos ~TeV 

 

Weak scale EFT  

 

 

 

 

 

Contains a physical phase   

 

 

 

 

Two-loop EDMs in the ballpark of next genô experiments 

May well be our best hope in probing the next level 



Baryon asymmetry: CPV in early Universe  
 

 

When the Standard Model loses, it has the grace of losing by knock-out 

 

With no one around to perform the experiment,  

CPV occurs through very high-dimension operator 

 

B-violation above Tsphaleron~100 GeV 

 

Extrapolating the CPV to the scale Tsphaleron, SM predicts an empty Universe. 

 

 

 

CPV Č QM Č problem cleanly at the hands of particle physicists 

The holly grail in the quest for CP violation 

Something BIG is out there 

 

 

 

 



One little difficulty, that we should admit from the outset 

ébaryon asymmetry has no genuine scale. 

1. B-L may be respected to arbitrarily high scale 

2. Early Universe has been there to (almost) arbitrarily high scale 

 

Lower limits on the BAU scale 

 

 

 

 

 

 

 

 

 

 

 

Upper limit: reheating?  

 

Solutions attached to every high scale we know that could comply with these limits 



Electroweak Baryogenesis? 

Å Sakharov conditions:  CP,  B,  TE 

 

Å Multistep calculation... Several No-Goôs 

 

Å 1st-order phase transition violates TE 

 

- Light, unscreened scalars coupled to H (stops?) 

- Extended Higgs sector 

 

Å CPV currents 

 

- CPV sector canôt be heavy; o.w. must be degenerate 

 

Å Charge diffusion ahead of bubble wall 

 

- B (via sphalerons) needs just the right amount of time to work 

- Depends on bubble properties (wall velocity) and on diffusion 

coefficients 



Å  

 

 

 

 

 

 

 

CPV @ electroweak phase transition? 

drives baryogenesis 

EDMs  



Baryon asymmetry vs. EDM constraints 

Å EWBG and EDM constraints 

Next genô EDM 

EDMs  



Baryon asymmetry vs. upcoming EDM constraints 

Å EWBG and EDM constraints dependent 

 

Å No EDMs, no EWBG. 



 

Why go after EDMs? 

 

Å EDMs give a scale 

 
 

Å Electroweak scale: little hierarchy - CP problem 
 

Very important if we find weak scale NP 

Next hope if we donôt 

 

 

Å Baryon asymmetry: CPV in early Universe  
 

BAU ï EDM story: something big out there, but no scale a-priorié 

Heart of Darkness 

 

Some models rely on weak scale. Should see them! 

 

Next generation EDM searches would be crucial for building a consistent story 

of electroweak baryogenesis 



Why go after EDMs? Before, during, and after LHC 

 
 

Before  anything else, searching for EDMs = probing the Abyss 

 

You can try to pry out Natureôs secrets with a sledgehammer ($109 sledgehammer) 

 

 

 

 

 

 

 

Or, you can proceed in more subtle ways 

 

 

 

 

 

 

 

These routs are complementary.* A finite EDM will give us a scale 

* And if the subtle ways succeed, perhaps theyôll get us an even bigger hammer 


